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1.  INTRODUCTION 


Aircrews  are  exposed  to  cosmic  radiation*  levels  that  are  higher  than  the  cosmic 
plus  terrestrial  radiation  levels  normally  encountered  on  the  ground.  Cosmic  radiation 
is  a  mixture  of  various  types  of  ionizing  radiation.^  Other  naturally  occurring  sources 
of  ionizing  radiation  exposure  include  the  radioactive  isotopes  in  our  bodies  and  in  the 
earth.  Exposure  to  ionizing  radiation  also  occurs  during  medical  and  dental  X-ray 
examinations. 

This  report,  which  is  an  updated  revision  of  FAA  Advisory  Circular  120-52  issued 
March  1990,  provides  information  about  cosmic  radiation  at  air  carrier  flight  altitudes 
and  possible  associated  health  risks  to  individual  crewmembers  and  their  offspring. 
Also  considered  is  the  radiation  received  from  radioactive  air  cargo. 

2.  GALACTIC  COSMIC  RADIATION 

The  cosmic  radiation  at  air  carrier  flight  altitudes  is  the  result  of  a  process  whereby 
high-energy  subatomic  particles  (mainly  protons  and  alpha  particles),  originating  for 
the  most  part  outside  the  solar  system,  collide  with  and  disrupt  atoms  of  nitrogen, 
oxygen  and  other  constituents  of  the  atmosphere.  From  these  collisions,  photons  and 
additional  subatomic  particles  are  produced.  The  impacting  particles  and  those 
generated  may  have  enough  energy  to  disrupt  other  atmospheric  atoms  and  produce 
still  more  photons  and  particles,  and  so  on.  The  particles  from  beyond  the  solar 
system  and  the  photons  and  particles  produced  in  the  atmosphere  are  referred  to 
collectively  as  galactic  cosmic  radiation. 

2.1.  Variation  with  ■'1-Year  Solar  Cycle 

The  number  of  galactic  radiation  particles  entering  the  atmosphere,  and  as  a 
consequence  the  radiation  levels  at  air  carrier  flight  altitudes,  varies  inversely  with  an 
approximate  11 -year  cycle  of  rise  and  decline  in  solar  activity  (1).  This  variation  in  the 
galactic  radiation  is  brought  about  by  magnetic  fields  associated  with  the  low-energy 
subatomic  particles  (solar  wind)  continuously  being  emitted  from  the  sun.  The 
magnetic  fields  deflect  lower  energy  galactic  particles  that  would  otherwise  enter  the 
atmosphere.  The  particles  that  comprise  the  solar  wind  are  themselves  too  low  in 
energy  to  affect  the  radiation  level  at  flight  altitudes. 


Galactic  cosmic  radiation  and  solar  cosmic  radiation  are  described  in  sections 
2  and  3. 

^  Radiation  is  transmitted  through  space  and  matter  in  the  form  of  packets  of  energy 
(photons)  or  subatomic  particles.  The  term  "ionizing  radiation"  is  used  if  individual 
photons  or  particles  produce  one  or  more  ions  in  the  material  irradiated.  An  ion  is 
an  electrically  charged  atom  or  group  of  atoms.  Ionization  is  the  principal  means  by 
which  radiation  exposure  leads  to  biological  effects. 
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2.2.  Variation  with  Latitude 


The  earth's  magnetic  field  (geomagnetic  field)  provides  some  shielding  from  incoming 
cosmic  radiation  particles.  The  shielding  is  greatest  over  the  geomagnetic  equator 
(near  the  geographic  equator)  and  decreases  to  zero  as  one  approaches  the  north  or 
south  polar  regions.  Thus,  at  a  given  cruise  altitude,  the  galactic  radiation  dose-rate 
increases  with  distance  north  or  south  of  the  equator  until  it  reaches  a  plateau  at  high 
latitudes.  In  the  northern  hemisphere,  at  a  constant  altitude,  the  galactic  radiation 
level  shows  little  or  no  increase  above  about  50  degrees  geographic  latitude  in  North 
America  and  60  degrees  in  Europe  and  Asia.  Radiation  levels  over  the  polar  regions  at 
air  carrier  cruise  altitudes  are  about  twice  those  over  the  equator  at  the  same  altitudes 
(table  1 ). 

2.3.  Variation  with  Altitude 

The  atmosphere  provides  considerable  shielding  from  cosmic  radiation.  The  lower 
the  altitude  the  thicker  the  atmospheric  layer  and,  therefore,  the  greater  the 
protection.  For  example,  in  Oklahoma  City  the  galactic  radiation  level  at  the  surface 
of  the  earth  (about  1,200  feet  above  sea  level)  is  approximately  one-half  of  1  percent 
of  the  galactic  radiation  level  at  39,000  feet  (table  1). 

3.  SOLAR  FLARES 

On  infrequent  occasions,  during  some  large  solar  flares,*  the  number  and  energies  of 
particles  emitted  from  the  sun  may  temporarily  become  high  enough  to  cause  a 
substantial  increase  in  the  ionizing  radiation  level  at  high  flight  altitudes,  particularly 
over  the  polar  regions.  These  solar  particle  events  cannot  be  predicted  reliably  nor 
can  one  predict  how  high  the  radiation  level  will  reach,  even  after  the  event  has 
begun. 

The  radiation  at  flight  altitudes  resulting  from  solar  particle  events  is  produced  the 
same  way  as  previously  described  for  galactic  cosmic  radiation  (see  section  2).  The 
particles  from  the  sun  and  the  photons  and  particles  they  produce  in  the  atmosphere 
are  referred  to  collectively  as  solar  cosmic  radiation. 

Between  1956  and  October  1991,  inclusive,  there  were  about  6  solar  particle  events 
during  which  the  radiation  level  at  41,000  feet  over  the  polar  regions  probably  rose 


*  A  solar  flare  is  an  intense  magnetic  disturbance  on  the  sun,  accompanied  by  an 
explosive  emission  of  various  kinds  of  radiation. 
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above  100  microsieverts*  per  hour  (2).  At  these  locations  the  long-term  average 
galactic  radiation  level  is  about  12  microsieverts  per  hour  (3). 

4.  RADIOACTIVE  CARGO 

Radioactive  material  transported  in  air  carrier  aircraft  consists  mostly  of 
pharmaceuticals  used  in  medical  diagnosis  and  treatment.  Federal  regulations  specify 
the  packaging  and  stowage  of  such  cargo  in  order  to  limit  radiation  levels  in  areas 
occupied  by  people  and  animals. 

In  passenger  aircraft  carrying  radioactive  cargo  in  the  United  States  during  1975,  the 
estimated  average  annual  radiation  dose  to  flight  attendants  from  the  cargo  was  0.06 
millisievert  and  to  flight-deck  crewmembers  less  than  0.01  millisievert  (6).  It  has  been 
estimated  for  aircrews  who  work  only  on  flights  out  of  airports  serving  major 
radiopharmaceutical  producers  that  flight  attendants  receive  up  to  0.13  millisievert 
annually  and  flight-deck  crewmembers  up  to  0.025  millisievert  (6).  The  radiation  from 
cargo,  received  by  individuals  in  each  of  the  groups  cited  above,  is  less  than  10 
pement  of  the  estimated  galactic  radiation  dose  to  aircrew  members.  Combined 
1381-1983  surveys  indicate  that  since  1975  there  was  a  slight  decrease  in  the 
r  umber  of  packages  of  radioactive  material  transported  by  air  (7). 

5.  RADIATION  EXPOSURE  OF  AIRCREWS  AND  RECOMMENDED  LIMITS 

We  estimated  the  amount  of  galactic  radiation  received  by  air  carrier  crewmembers 
on  32  nonstop  flights  on  a  wide  variety  of  routes  to  and  from,  and  within  the 
contiguous  United  States  (table  2).  At  the  current  stage  of  the  solar  cycle,  the 
galactic  dose  ranges  from  0.023  to  0.80  millisievert  per  100  block  hours"*^  (table  2, 
column  5).  A  crewmember  who  worked  900  block  hours  a  year  on  these  flights 
would  receive  an  annual  radiation  dose  of  between  0.21^  and  7.2  millisieverts.  These 
values  are  considerably  lower  than  the  occupational  limit  of  20  millisieverts  per  year 
(5-year  average),  recommended  by  the  International  Commission  on  Radiological 
Protection  for  a  nonpregnant  adult  (8). 


*  When  considering  health  effects  of  ionizing  radiation,  the  amount  of  radiation 
received  by  a  person  is  expressed  in  terms  of  sieverts.  The  sievert  is  a  measure  of 
the  biological  harm  that  ionizing  radiation  may  cause  and  is  the  present  international 
unit  for  this  measurement.  The  sievert  replaces  the  rem. 

1  sievert  =  100  rem 
1  sievert  =  1,000  millisieverts 
1  millisievert  =  1,000  microsieverts 

^  Block  hours  is  defined  in  a  footnote  to  table  2. 

^  (0.023  millisievert  /  100  block  hours)  X  900  block  hours  =  0.21 
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5.1.  Special  Considerations  During  Pregnancy 

There  are  recommendations  concerning  occupational  exposure  that  apply  only  to 
pregnant  women.  The  International  Commission  on  Radiological  Protection 
recommends  that  once  a  woman  declares  that  she  is  pregnant,  her  occupational 
exposure  to  ionizing  radiation  should  not  exceed  2  millisieverts  during  the  remainder  of 
the  pregnancy  (8).  In  addition,  the  National  Council  on  Radiation  Protection  and 
Measurements  recommends  that  exposure  of  the  unborn  child  not  exceed 
0.5  millisievert  in  any  month  (excluding  medical  exposures),  once  a  pregnancy 
becomes  known  (5).  For  radiation  protection  purposes,  it  is  assumed  that  the  unborn 
child  receives  the  same  dose  of  cosmic  radiation  as  the  mother. 

On  some  flights  the  galactic  radiation  received  by  an  unborn  child  may  exceed  the 
recommended  limits,  depending  on  the  woman's  work  schedule.  For  example,  if  she 
worked  70  block  hours  a  month,  exclusively  on  the  flight  with  the  highest  dose  rate 
per  100  block  hours  (table  2,  Athens  GR  -  New  York),  her  monthly  dose  at  the  current 
stage  or  the  solar  cycle  would  be  0.56  millisievert.  This  exceeds  the  recommended 
monthly  limit  of  0.5  millisievert.  In  5  months  her  accumulated  dose  would  be  2.8 
millisieverts,  which  is  in  excess  of  the  recommended  pregnancy  limit  of  2  millisieverts. 

6.  HEALTH  CONCERNS 

At  the  low  radiation  doses  and  dose  rates  associated  vzith  air  travel,  the  health 
concerns  are  cancer,  genetic  defects  that  can  be  passed  on  to  future  generations,  and 
harm  to  a  child  irradiated  in  utero  (9). 

The  flights  in  table  2  are  grouped  according  to  the  amount  of  galactic  radiation 
received  per  100  block  hours.  The  group  designation  (radiation  group  A,  B  or  C)  is 
used  to  access  the  health  risk  estimates  in  tables  3,  4  and  5. 

For  some  flights,  whether  or  not  listed  in  table  2,  the  radiation  group  can  be 
identified  from  general  information  in  the  flight  plan: 

-  Flights  in  which  the  average  en  route  altitude  does  not  exceed  24,000  feet  are  in 
radiation  group  A. 

-  Flights  between  the  contiguous  United  States  and  Europe  at  average  en  route 
altitudes  of  33  to  40  thousand  feet  are  generally  in  radiation  group  C. 

6.1.  Fatal  Cancer 

Death  from  cancer  is  the  principal  health  concern  associated  with  occupational 
exposure  to  ionizing  radiation.  Table  3  provides  estimates  of  the  risk  of  eventually 
dying  of  cancer  as  a  result  of  exposure  to  galactic  radiation  during  a  career  of  flying 
(8,  10). 
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For  example,  if  a  crewmember  worked  700  block  hours  a  year  for  30  years, 
exclusively  on  flights  with  average  en  route  altitudes  of  33  to  40  thousand  feet 
between  the  contiguous  United  States  and  Europe  (radiation  group  C),  then  the 
estimated  risk  of  radiation-induced  fatal  cancer  would  be  between  1  in  250  and 
1  in  120  (table  3). 

Flights  between  Los  Angeles  and  Honolulu  shown  in  table  2  are  in  radiation  group  B. 
Based  on  the  work  schedule  specified  above  (700  block  hours  per  year  for  30  years), 
the  risk  would  fail  between  1  in  660  and  1  in  250  (table  3). 

If  a  crewmember  worked  900  block  hours  a  year  for  20  years  on  flights  that  do  not 
exceed  24,000  feet  (radiation  group  A),  the  estimated  maximum  risk  of  fatal  cancer 
would  be  1  in  770  (table  3). 

In  the  general  population  of  the  United  States  about  1  in  5  adults  will  eventually  die 
of  cancer  (1 1).  The  likelihood  of  developing  fatal  cancer  because  of  occupational 
exposure  to  galactic  radiation  is  a  small  addition  to  the  general  population  risk. 

6.2.  Genetic  Defects 

A  child  conceived  after  exposure  of  the  mother  or  father  to  ionizing  radiation  is  at 
risk  of  inheriting  1  or  more  radiation-induced  genetic  defects  (12).  The  consequences 
of  a  genetic  defect  may  be  an  anatomic  or  functional  abnormality  apparent  at  birth  or 
later  in  life.  Table  4  provides  estimates  of  the  risk  to  a  liveborn  child  of  a  serious 
handicap  of  genetic  origin,  resulting  from  one  parent's  occupational  exposure  to 
galactic  radiation  before  the  child  was  conceived. 

For  example,  if  the  father  worked  700  block  hours  per  year  for  10  years  on  flights  in 
radiation  group  C  before  the  child  was  conceived,  then  the  risk  to  the  child  from  the 
father's  occupational  exposure  would  fall  between  1  in  30,000  and  1  in  14,000 
(table  4).  If  both  parents  were  occupationally  exposed  to  radiation  before  the  child 
was  conceived,  then  the  risk  to  the  child  would  be  approximately  the  sum  of  the  risks 
from  the  mother  and  father. 

About  1  in  40  children  of  parents  in  the  general  population  are  born  with  1  or  more 
serious  anatomic  abnormalities  (10).  Any  risk  to  a  child  of  a  serious  handicap  of 
genetic  origin  because  of  a  parent's  occupational  exposure  to  galactic  radiation  would 
be  a  very  small  addition  to  health  risks  experienced  by  all  children. 


A  risk  of  1  in  250  means  that  if  250  persons  are  exposed  to  galactic  radiation 
under  the  working  conditions  specified,  it  would  be  expected  that  one  of  these 
individuals  will  die  of  radiation-induced  cancer. 
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6.3.  Harm  to  an  Unborn  Child 


For  a  child  irradiated  in  utero,  the  risk  of  harm  depends  on  the  stage  of  its 
development  at  the  time  of  exposure  as  well  as  the  dose  received.  Table  5  provides 
estimates  of  the  risk  to  the  child  of  incurring  one  or  more  serious  health  defects  from 
prenatal  exposure  to  galactic  radiation  as  a  result  of  the  mother's  occupation.  The 
possible  consequences  of  radiation  exposure  taken  into  account  in  these  risk 
estimates  are  severe  mental  retardation  and  both  fatal  and  nonfatal  childhood  cancer 
(13,  14). 

For  example,  if  a  woman  worked  80  block  hours  a  month  on  flights  in  radiation 
group  B  (table  2)  during  the  first  5  months  of  her  pregnancy,  the  risk  to  the  child 
would  be  between  1  in  5,500  and  1  in  2,100  (table  5). 

The  risk  to  a  child  of  incurring  a  radiation-induced  health  defect  as  a  result  of  the 
mother's  occupational  exposure  to  galactic  radiation  would  be  a  small  addition  to 
health  risks  experienced  by  all  children. 

7.  CONCLUSIONS 

On  the  32  flights  studied,  the  largest  amount  of  galactic  radiation  received  annually 
by  a  crewmember  who  worked  as  many  as  1,000  block  hours  a  year,  is  less  than  half 
the  average  annual  limit  of  20  millisieverts  recommended  by  the  International 
Commission  on  Radiological  Protection  for  a  nonpregnant  occupationally  exposed 
adult.  Thus,  radiation  exposure  is  not  likely  to  be  a  factor  that  would  limit  flying  for  a 
nonpregnant  crewmember. 

For  a  pregnant  crewmember  the  situation  is  different.  For  example,  if  she  worked 
70  block  hours  a  month  (equivalent  to  770  hours  in  an  1 1 -month  work  year),  the 
radiation  dose  she  would  receive  in  5  months  at  the  current  stage  of  the  solar  cycle 
would  exceed  the  recommended  pregnancy  limit  of  2  millisieverts  on  about  one-third 
of  the  flights  studied. 

Although  one  cannot  exclude  the  possibility  of  harm  from  exposure  to  cosmic 
radiation  at  the  doses  likely  to  be  received  during  a  career  of  flying,  it  would  be 
impossible  to  establish  that  an  abnormality  or  disease  in  a  particular  individual  resulted 
from  such  exposure. 

In  estimating  radiation-induced  health  risks,  we  used  dose-effect  relationships 
equivalent  to  or  derived  from  those  recommended  by  national  and  international 
organizations  concerned  with  radiation  effects  on  humans.  However,  the 
recommended  values  are  based  on  observations  at  much  higher  doses  and  dose  rates 
than  are  likely  to  be  received  during  air  travel,  and  this  is  a  major  source  of  uncertainty 
in  estimating  risks. 
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Table  1.  GALACTIC  COSMIC  RADIATION* 


Location 

Altitude , 
f  eet  t 

Micros i everts 
per  hour 
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0 . 04 
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II 
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It 

4-5 

*  Current  stage  of  solar  cycle. 
~  Above  sea  level. 
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Table  2.  GALACTIC  RADIATION  ON  AIR  CARRIER  FLIGHTS 
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S  Long-term  average  galactic  radiation  levels. 


Table  3.  ESTIMATED  ADDED  RISK  OF  FATAL  CANCER  RESULTING 
FROM  EXPOSURE  TO  GALACTIC  COSMIC  RADIATION* 
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From  0.18  to  a  maximum  of  0.48  millisievert  per  100  block  hours 


Table  5.  ESTIMATED  ADDED  RISK  TO  A  CHILD  OF  ONE  OR  MORE  SERIOUS  HEALTH 
DEFECTS  CAUSED  BY  PRENATAL  EXPOSURE  TO  GALACTIC  RADIATION* 
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